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Constituent Acids of Cucumis sativus Fruit Cutin

J. DAN (NEE DATTA) and S. THAKUR*
Natural Product Laboratory
Department of Chemistry, The University of Burdwan
Burdwan-713 104, India

The cutin from fruit peel of Cucumis sativus was found to constitute
n-alkanoic (C12—C3¢), a, w-alkandioic (C9C16Cigs and Cp2) hydroxy-
alkanoic (C14—Cz23), hydroxy a, w-alkandioic (C12—C32) and benzoic
acid together with hippuric acid. The main constituents were octadecan-
dioic acids (ca. 13%), 8,10-dihydroxy octadecandioic acid (ca. 11%) and
octadecendioic acid (ca. 10%).

INTRODUCTION

The plant cuticle is believed to be the primary barrier to penetration of foliar
applied chemicals and also a protective barrier against ingress of pathogens'™.
Movement of such chemicals through the cuticle may occur by diffusion whereas
fungal penetration may involve enzymatic hydrolysis of the cuticle by weakening
the barrier. Retention is an important prerequisite for penetration, before a
biological response can be induced. The structural component of plant cuticle,
cutin, is an insoluble bio-polyester composed of interesterfied hydroxy and
hydroxy-epoxy fatty acids embedded in a complex mixture of relatively nonpolar
lipids called waxes. The surface fine-structure and chemical .composition of
epicuticular waxes and the chemical composition or deposition of cutin may vary
within different anatomical region of the plant as well as alter significantly due
to pesticide effects on plant cuticle.

The examination of the chemical composition of cutin from fruit peel of
Cucumis sativus was undertaken as a part® of a general investigation of the
physical and chemical properties of surface layer. The C. sativus fruit has not
been previously studied in detail for its cutin compositional analysis except some
kinetic studies’ relating to sorption of 2,4,-D by the cuticle.

In this paper we report the compositional studies and structural characterisation
of monomers from C. sativus fruit peel by GC-EI-MS.

EXPERIMENTAL

Fresh mature fruits of Cucumis sativus were collected from local market in
July. Segments of fruits peel (I cm X 1 cm) size were immersed successively in
CHCl; and MeOH (2 h in each solvent), dried in air. Cellulose was removed by
immersing in a mixture of ZnCl, and conc. HCI (1:2) for 24 h. These were washed
with distilled water and repeated treatment with ZnCl,—HCI was done. After
thorough washing, the cuticles were extracted in a soxhlet with MeOH and then
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pectin was removed by refluxing with a solution of 1.6% ammonium oxalate and
0.4% oxalic acid. The membranes were once again washed, air dried and extracted
with CHCl;—MeOH (1: 1) using soxhlet to remove residual lipids. The cutin thus
obtained was dried in vacuo and powdered (presence of ester group was
confirmed from IR spectra).

Dry cutin (50 mg) was refluxed with 100 mL of 5% KOH in MeOH for 3 h
to achieve depolymerization. After removal of MeOH the resulting solution was
acidified with conc. HCl and extracted with Et,0. After removal of Et,0, resulting
material was dried over P,Os.

The cutin acids thus produced was methylated with CH,N,. The methylated
esters were injected directly in to the GC and GC—MS systems. GC was
performed on 25 M SP-1000 and SP-2100 fused silica SCOT capillary column,
programmed from 80° (5 min) to 220°C at the rate of 4°C/min (maintained
isothermally for 67 min) and from 210°C (6 min) to 330°C at the rate of
6°C/min (maintained isothermally for 4 min) respectively. Helium was used as
carrier gas (1.0 mL/min) in either condition. GC-MS was performed at 72 ev with
a split (1:60) injection system and a computerized library search facility.

RESULTS AND DISCUSSION

The prepared cutins were hydrolyzed with 5% KOH in MeOH and the reaction
mixture worked up as follows: removal of MeOH, acidification with aqueous
HCI, extraction of ether soluble components and methylation using diazomethane.
The methyl ester was then analysed by GC and GC-EI-MS. The identification of
each component was made either through direct comparison of mass spectral data
using computerized library-searching or by analysing the mass spectral fragemen-
tation patterns. The highly preferred a-cleavage on either side of the midchain
—OH substituent makes the identification by their mass spectra quite convenient.
The composition of cutin from a sample of C. sativus fruit peel is summarized in
Table-1. Although conversion of cutin acids to the methyl ester TMSi ethers

TABLE-1

COMPOSITION OF C. SATIVUS FRUIT CUTIN MONOMER
ACIDS AS DETERINED BY HYDROLYSIS

Monomers Relative percentages

Alkanoic acids (Cj—C;g) 235
Alkanoic acids (Cyp—C3e) 2.6
Alkandioic acids ~30.0
-Hydroxyalkanoic acids 4.6
Midchain hydroxylated acids:

(i) alkanoic acids 8.0

(ii) alkandioic acids 21.1
Aromatic acid 1.5
Amino acid 0.7

Unidentified 7.9




Constituent Acids of Cucumis sativus Fruit Cutin 383

[EHDOODTHIHO—tHD0—,N108T ‘[EHDO—,N1L9€ ‘[ NI86E (43 dlolpuesodo(q

[901 ~ JNWET €01 I0IPURIPEIO

101 ‘ST ‘6T1 ‘vl ‘LST “ILT ‘S81 ‘661 ‘€1T ‘(901 — ,A19€T ‘[SOT ~ JNILET '€l J101puEBIIPEINO
(A4 +O10IpUBIOPEXIH

Il xJ101pUeUON

:SpIoe JfoIpuE|Y

[09 - ,Wlo6¥ €0 S10UBIU0IBLNEXIH
€0 xJlougjuodR Y
0 #OIOUBS02®100
0 »J10UBSOOBXIH
€0 »OIOUBSOORII,
80 xolouesodoq
€0 »J10UBS00Ig
€T +JTOUdLIIUBIIPLIOD
' «JI0OUIIPUBIIPEIOD
0T «J10U323peIOO
vy xJI0uBdIpEIO
0 *J10U229pEXIH
66 »x010UBdOpPERXIH
90 xJlouedopeiudd
¥l xdlouedopensy
0 xJlouedspod

:SpIOR dIoUBY[Y

38euadiad

(z/w) sxyead wenodury aanejy

sjuouodwo)

Vol. 7, No. 2 (1995)

SNALLVS "D 40 NLLND SLINYY AHZRFWNATOdad
NI LNFSH3d SLNINOJIWOD ORIFIWONOW 40 SYFLSH TAHLAW J0d SAVEd TVILOHdS SSYIN LNVLIOdWI ANV FOVLNADYAd FALLV T
¢H1dvVL



Asian J. Chem.

384 Danetal.

. [H+19) -¢L1hiv1
‘[81 —€L1]sS1 ‘[93eArapd-D]EL] ‘(81 - 81 — (H + 1€) —68T12T ‘[93eara)d-0)687

(o8eaeso-0 woay re] L11 ‘SLT “L81 ‘[81 - 81 — (H + 1€) - SLTL0T
‘[81 —€STIseT ‘[1€ - 81 — (H + 66) - ,AIEST ‘[28eaespo-0]gL7

[s8eaeopd-0lgg]
181 = (H +1£) - 6€21081 ‘[(H + 1€) - 6€21L0T ‘[(H + 1€) —69Z1LET ‘[2earao-0]6£T
‘81 - 69211ST “[81 — (H + 69) — ,JWIYOT ‘[81 - 65 — ,INIS9T “[81 — (H + 1€) - JNIT6T

[81 - 1v1l€zy [81 — 81 ~ ILIISET ‘[(H + 1€) = €L1]IpT
‘81 —1L1]gsT ‘[93eAeapo-0 woql1LT ‘gL1 ‘(81 - 10Z1€8T ‘(81 — €02]S81 “[o8eArap-0]107

{81 - Lstl6gl ‘[(H+1€) —€L1 vt
‘[98eaeato-0 yoq) £ST ‘€L1 ‘[SL - NISTT ‘[6S - JANYT (81 - (H + 1€) - JWlosT

[81-6z11111 ‘[o8earalo-0]671
UH +1€) - €L111¥1 ‘(65 — €0TWp1 ‘181 —€L11SST *((H + 1€) —€0T]1L1 “[28earajo-0]gL ]

[(H+1€)-19zis€T ‘[81 - L9z PUC [(H + 1€) - | - JNI6rT ‘[98eaes)o-0]L9Z ‘(1 - N)IST

[s3eAra12-0]6Z1 ‘[(H + 1€) ~ £L1 ‘%0011 I¥1 “[81 - €L1]ISST
‘[98eaedpd-0]eL 1 “[(H +1€) - 81 — ,WIZTz ‘(1€ - 81 — ,WIETT ‘[81 - JNST

[o8eaear>-0 y0qlL6 ‘s81 ‘[81 — JAIET ‘[, WIEST
111 “SZ1 “[e8eavapo-nlep ‘(1€ — NISTT ‘[ NI9ST

aden

deI)

210UBI9PEI0AX0IPAYENOL-81'Y1‘6'S

910UBI3PEIOAXOIPAYRNSL-81‘C 1016

1OUSIPUBIIPEIOOAXOIPAYUL-8] ‘DT E]

4210U220pRI00AX0IPAYLIL-81 ‘6’8
sroueoaperdayAxoIpAH-g

J10UBIIPRXIYAXOIPAYIT-6°8

*omoco%:aoocaxoﬁxoug:-m |

4O10US03PENNAXOIPAYIQ-p1°8

O102UIIUBIPeN3NKX0IPAH-6

*o_c__ouovgo;xohv»:-o

:Spioe oroueyjeAxoipAH

(z/ur) syead yueniodu)

3a3ejuoorad
EINHAEYY |

syuouoduro)




Constituent Acids of Cucumis sativus Fruit Cutin 385

Vol. 7, No. 2 (1995)

(%001) [(H+1€) -€L11p1
‘(81— €L1] pue [(H + 1€) - L81]SST ‘[95earald-0 yroqleL] *L81 ‘(81 - 65 — ,WIL6T

[a8eAealo-0 yioq]1L1 *L81 ‘[(H + 1€) —69T1LET ‘[6S — JN69T
(81 —-SSULET ‘[(H+ 1€) —€L11T¥1 “[(H + 1€) —£81]sS1 ‘[98eAes(o-0 poqleL[ ‘L8]

[81—LT1l601 ‘[(H + 1€) —6S11LTI
‘(81 -6911151 ‘[98eArap2-0]65T ‘[(H + 1€) — 1021691 ‘[28eAea1d-0]107

[uswedueirear L11953e19N 106 ‘[6S — JNLTT
‘[opts yroq woay aFeaeajo-0]LzT I(H + 1€) — JNIPST ‘[81 — NIS9T ‘[ IN198T

o . dloIp-g] ‘| UBddPEINOAXOIPAYIG-01‘8
r LomP-91°1 u229pexayAxoIpAH-8
91 J101p-9[ ] UBdIpeXaYAXOIPAH-8

J101p-9[ ] UBIOPRX3YAXOIPAH-L

r Ololp-Z1*[-2uaip-6‘¢ uedapopAxospAyla-11‘z

[(H+1€)-splletl ‘[81 -l °0

PUe [(H + 1€) —6S11LT1 ‘[81 - 65111 ‘[28eaea)d-0 Woqlsyl ‘651 ‘81 - 1€ - JNISTT L J101p-T ‘] UBI9POPAXOIPAH-9
:Spioe olo1pue)[eAX0IpAH

[SL - JNISET ‘[(H + 1) — JWISLT ‘[WI0IE o [ 1OUSIPUBIIPEIOOAXOIPAH-8]

‘181 —2STIvET ‘[(H + 6S) — JNITST “[81 — (H +1€) - JWIT9T i ,O10UdD2PEINOAXO0IPAH-8]
:SpIJe dlouBy[eAX0IpAH-®

[H+1©) —€L1l1p1 “[81 —€L11SST ‘[28earapd-0lgL] ‘(81 — LSTI6ET ‘[28eArad-D]L5T €0 , otouesodLnAxoIpAyIq-£7'8

[e8eaea]o-0].8 “[(H + 1€) - 182]6¥C ‘[28eara)o-0]18T ‘(81 - ,Nl0TE v0 ,10URIPUESOOIOAX0IPAH-9]

[oBeAeajo-0]L11 ‘[(H + 1€) —€L1]1¥1 ‘[28eaeapd-0ILp ‘(81 —€L11SST ‘[o8eaespo-n]gL |
‘[81 —€121S61 ‘I(H + 1£) — spTe1T ‘[8eaeap-0ISHT ‘[81 — SLTILST ‘[98eARs[O-0]5.T (14 10UBd3PEI0AX0IPAYENDL-B1E 121 8
(zyur) syead yueysoduy ommu_“_ao_w.”a sjusuodwio)




Asian J. Chem.

386 Danetal

‘pPauWIdUIdpUN (S)pUoq [qnop Jo uonisod M

"Ai[1oey yoreas Areiqy pazinduiod wolj pazudloeIey),

L0 wounddig
‘ploe ouluy
1 xJrozuag
pIoe dnewoly
[81 -69111ST ‘[(H + 1€) — 102691 ‘[23eA®a10-0 Y10q) 10T ‘€8¢ SI0IP-Z €] UBIUOIRLIOPAXOIPAH-01
[81-SSTILET ‘(H + 1€) —L81]SST ‘[28eArao-0 yi0q] L8 “‘L6€ ¥0 SI0Ip-Z¢* | UBIUOIRINOPAXOIPAH-6
(81 —1v1]€Tt “I(H +1€) —€L111p1 ‘[o8eAea[o-0 yroqleL T ‘14 SI0IP-7 €| UBIUOIRIIOPAXOIPAH-8
[81 - €L11SST ‘[81 — 1811€91 '
‘(81 — (H + 1€) — 1€Z]181 ‘[93eAeod-0 uno} [[8]L81 ‘10T ‘1€T ‘SHT ‘SLT ‘68T 1} I0Ip-7Z'[ UBSBIOPAXOIPAYLL-C1TI1‘6
(81 —1p1leTt ‘[81 —SSTILET “[(H + 1€) —€L1]Ip1
‘[(H +1€) —L81]sST ‘[93eaeara-0leL ‘[81 — 6611181 ‘[9BeAearo-0]L81 ‘(81 - L12]
pue [(H + 1€) — 1€T]661 ‘[81 —1€T]EIT ‘[(H + 1€) - 192]6TT ‘[98eAea)o-0 yioql 197 ‘sLT - J101p-QZ' | Ues021dAX0IPAYLIL-TI11‘8
[(H+ 1€) - 1071691 ‘[8eara[o-0 woy jre]eL] ‘10T ‘SLT J101p-07' [ Uesod1aAx0IpAYLIL-1101°8
[81 —6€111T1 ‘[o8eAeapd-0)6Z1 ‘[(H + 1€) - IL1J6€1
‘[98eaeapo-0]1L1 ‘[6S — SPTI98T ‘[81 —S1T]L61 ‘[28eAra[-0110T ‘(65 — L8TI8TT
‘[o3eaeo(o-0]5pT ‘[81 — 81 —L8TIIST ‘81 - L8T169T ‘81 — 1€ — (H + 1€) - ,IN]S0€E 0C 4OI0IP-81 [ USIPUBIPEIOOAX0IPAYUL-TT*01‘S
[a8eaeaa-0 y10q]581 ‘661 ‘[vL — ,IN10ST 10 £I0IP-81°1 USIPUBIIPEIOAXOIPAH-6
a8ejusosad
(z/w) syead juerzodury ADEIY syuduodwo)




Vol. 7, No. 2 (1995) Constituent Acids of Cucumis sativus Fruit Cutin 387

appear to be the conventional method for GC-MS analysis, in the present study
we have taken advantage of SP-1000 and SP-2100 SCOT capillary columns in
analysing the cutin monomers as their methyl esters only. The efficiency of these
columns in separating unsaturated (mono-, di- and tri-), saturated monobasic acids
(even upto Cs¢ acids) as well as their mono-, di-, and tri- hydroxylated derivatives
and dibasic acids, more than compensated the relatively longer time required for
gas chromatographic run.

The percentage distribution of monomeric components derived from
depolymerization of C. sativus cutin are presented in Table-2. Some of the
important mass spectral peak positions have also been incorporated in Table-2.
Amongst the dibasic acids C,3(C,5.0 and Cg.;) constitute the major component
(ca. 23%) while both C;s monobasic acids (10.3%, C,s.o and Cj¢.;) and C;g
monobasic acids (10.8%, Cig.0, Cis:1, Cis.2 and C,g.3) account for the major
share (ca. 90%) of monobasic acids. The very long chain acids, Cyy—Csg,
constitute only 2.6% of the total monomers. Among the w-hydroxy acids having
no mid-chain hydroxylation, the unsaturated C,g acids (C,s.; and C,3.,) are the
dominant component (4.6%). So far as mid-chain hydroxy acids are concerned,
the mono and dibasic acids having mono-, di- and tri- hydroxylation pattern have
been found to occur. The presence of epoxy-hydroxy octadecanoic acid in
C. sativus has already been reported’. Here also the C,5 mid-chain hydroxy acids
constitute about 60.0% of the total class whereas C,¢ acids represent only 11.0%.
Some rare and minor components include 6-hydroxytetradecanoic acid, 8,14-
dihydroxytetradecanoic acid, 13,14,18-trihydroxyoctadecanoic acid and 5,10,11-
trihydroxyoctadecanoic acid. the presence of 8,10-dihydroxyoctadecanoic acid
(11%) and octadecandioic acid (ca. 13%) from a cutin sample of C. sativus is
really very interesting. The most outstanding feature of the results (Table-1) is
that the composition of monomer as revealed in the present study is not exactly
befitting with the classification of this phytopolymer as cutin or suberin. However,
the designation of these microscopic anatomical entities based on chemical
composition may not always be rationalised on the basis of the content of
mid-chain modified monomers because some suberins might have substantial
amount of these monomers. Probably the term “cutin-suberin like” or “mixed
cutin-suberin” may be coined for such types of phytopolymers8 having chemical
characteristics in-between that of the cutin and suberin.

Benzoic acid (1.5%) is the only aromatic acid found in the present study while
some minor phenolic acids are usual constituent of plant cutins. The identification
of an amino acid, hippuric acid from C. sativus and Cucurbita maxima® is really
very interesting because the occurrence of such acid probably represent its
characterisation for the first time from any cutin sample.

The larger proportion of C,g family of monomers (53.4%) in comparison to
members of C;¢ family (15.6%) in C. sativus fruit peel cutin is in line with the
characteristic feature of slower growing fruits with well developed cuticle.
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